Introduction
During recent decades, considerable efforts have been made globally to investigate and understand patterns of arthropod biodiversity, the ecological factors shaping these patterns, and the link between biodiversity loss and its effects on ecosystem functioning (Srivastava 2002) . Historically, the role of arthropods in conservation and ecosystem management has been poorly studied, despite the critical functions they fulfil in ecosystems, the significant contribution they make to human survival through ecosystem services, and their considerable potential to indicate environmental changes (Kim 1993; Kremen et al. 1993) . A capacity to understand ecological patterns and conservation goals benefits from the use of finer-scale taxonomic resolutions, particularly when taxonomic resources are available to generate species-level identifications (Timms et al. 2013) . However, the current 'taxonomic decline' is putting increasing pressure on available human resources to deliver viable species-level data to address the aforementioned concerns, particularly for conservation and resource management (Kim & Byrne 2006) .
Atlas projects represent a mechanism through which a considerable amount of species-level biodiversity data can be generated within a reasonable amount of time. Robertson, Cumming and Erasmus (2010) defined atlas projects as collections or syntheses of original, spatially explicit data on species occurrences. According to Robertson et al. (2010) , the usefulness of atlas data to endusers depends on several factors: (1) there should be a good measure of sampling effort, (2) the resolution of collected data should be fine enough to link the data to habitat variables of potential interest, (3) a sufficiently large sample size should be provided to work within a multivariate context and (4) the data should offer clear, quantitative indications of the quality of each record to provide end-users with high-quality data.
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As part of the second phase of the South African National Survey of Arachnida (SANSA), field surveys were conducted in many degree-square grids throughout the country using a standardised rapid sampling protocol. This study reports on the arachnid diversity of the Ophathe Game Reserve (OGR) in northern KwaZulu-Natal, as found during a preliminary survey in June 2007 (mid winter) and a SANSA field survey in October 2008 (mid spring) in four representative habitats. The SANSA survey included seven sampling methods: pitfalls, beating, sweep-netting, litter sifting, hand collecting, night collecting and Winkler traps. A total of 282 species in six arachnid orders were collected during the two surveys, of which spiders were the most species-rich order (268 species in 47 families). The SANSA survey yielded 966 adult arachnids, representing six orders and 197 species, with a further 67 species represented only by immatures. Although adult arachnid abundance (n) differed considerably between the four habitats (range: 156-321), adult species richness (S obs ) was less variable (range: 65-85). These survey results are comparable with several longer-term surveys in the Savanna biome, and indicate that the SANSA sampling protocol can yield an impressive diversity of arachnids during a relatively short period of sampling, with a high level of coverage (> 0.8 for sites and most sampling methods) and moderate levels of sample completion for adults (> 0.55 for all sites), despite logistical and temporal challenges. Additional repetitions of the SANSA sampling protocol in other seasons will likely increase biodiversity knowledge of arachnids in OGR considerably.
In recent decades, several atlas projects have been implemented in South Africa to address animal biodiversity and conservation concerns, of which those on butterflies (Henning, Terblanche & Ball 2009; Mecenero et al. 2013) , reptiles (Bates et al. 2014 ) and the ongoing project on birds are just three prominent examples. A fourth atlas project, the South African National Survey of Arachnida (SANSA), was initiated in 1997 to investigate arachnid biodiversity in South Africa (Dippenaar-Schoeman et al. 2013) . The first phase of SANSA, which lasted from 1997 to 2006, focused on coordinating research and collating all available data on these arthropods. Subsequently, the second phase (hereafter referred to as SANSA II) was initiated to, amongst other goals, identify priority areas for sampling arachnid biodiversity; that is, geographical areas that are severely underrepresented in collections. To recognise such areas, a gap analysis was performed based on approximately 50 000 published and unpublished records from taxonomic and ecological literature (Foord, Dippenaar-Schoeman & Haddad 2011a ).
One of the main aims of SANSA II was to collect samples from these areas using a standardised sampling protocol to generate material that could improve the resolution of species' distribution data from the country and also be used for taxonomic studies. Identified records were included in the first atlas of South African spiders , compiled to assemble georeferenced data on all described spider species in South Africa. This included information on their occurrence in the different floral biomes, agro-ecosystems and protected areas, their distribution (on a scale from locally endemic to cosmopolitan), and preliminary conservation assessment based on a rarity index (abundance) and an endemicity index (distribution). Subsequent records will be included in a forthcoming updated national species list (Dippenaar-Schoeman et al. in prep.) .
Two factors were important considerations in the execution of fieldwork for SANSA II. First, human resources (i.e. practising researchers and support staff such as students and volunteers) are concentrated in the central and northeastern parts of the country, which would likely impact on the geographical coverage of sites for sampling. Using volunteers for biodiversity surveys may produce similar results to those generated by specialist researchers for some sampling methods and is beneficial with regard to the volume of work that can be completed (Lovell et al. 2009 ). Second, the sampling protocol developed for SANSA II requires sampling to be carried out within a short period with a small team of workers, yet employs a variety of sampling methods targeting various habitat strata to optimise the number of species generated. Although standardised and optimised sampling protocols and ad hoc sampling have different benefits in generating species data (Cardoso et al. 2009a) , SANSA researchers decided on using a standardised protocol to allow for better comparison with the species richness of degree-square grids sampled in the country, thereby facilitating a better understanding of biogeographical patterns and biodiversity hotspots in the country.
During 2006, members of the South African arachnological community developed a sampling protocol for use during the SANSA II field surveys. The protocol initially proposed was that of Coddington, Griswold and Davila (1991) , which has been used in arthropod surveys in a wide variety of habitats globally (e.g. Cardoso et al. 2008a Cardoso et al. , 2008b Cardoso et al. , 2009b Coddington, Young & Coyle 1996; Coscaron et al. 2009; Scharff et al. 2003; Sørensen, Coddington & Scharff 2002) . This protocol has often been used in forest habitats, but has rarely been tested in the diversified floral biomes of South Africa (only once in savanna; see Muelelwa et al. 2010) , where the habitat structure often differs considerably from that of forests. Consequently, a standardised protocol was developed specifically for the SANSA project. This protocol could be used despite the differences in vegetation structure in the various floral biomes and was suitable for sampling most of the habitat strata with a suite of easy-to-execute methods that required minimal training of fieldworkers. The survey teams were ideally to comprise four individuals to share the sampling effort.
The fieldwork resulted in 30 degree-square grids being sampled, with a further 10 degree-squares sampled as part of student projects and volunteer sampling, thereby providing a mass of material that has vastly improved the resolution of species distribution data and provided comparable data to better understand patterns of species diversity and endemism in the country . In South Africa, the Savanna biome is the best-sampled vegetation type, with the highest number of recorded species to date (Foord et al. 2011a; Foord, Dippenaar-Schoeman & Haddad 2011b) , and also features the localities with the highest spider species richness in the country (e.g. Dippenaar et al. 2008; Foord et al. 2008; Haddad, Dippenaar-Schoeman & Wesołowska 2006; Haddad et al. 2010; Muelelwa et al. 2010; Whitmore et al. 2001) .
The current study presents the results of the SANSA sampling in the Ophathe Game Reserve (OGR) in northern KwaZulu-Natal, one of only two sites sampled in the province using the standardised protocol during SANSA II, but one of 16 degree-squares sampled in the Savanna biome. In addition, we assessed the species richness and abundance of arachnids sampled with different methods, as well as sample completion and coverage for methods and habitats, to provide an indication of the efficacy of this protocol in generating arachnid biodiversity data. The results presented here will allow comparison with other sites sampled in the Savanna biome, as well as those sampled elsewhere using this protocol.
Research method and design

Study area and period
The study was carried out in the OGR in the Ulundi and Mthonjaneni municipalities in northern KwaZulu-Natal, where it forms part of the eMakhosini Ophathe Heritage Park (Figure 1 Arachnids were initially collected during a 2-day visit in July 2007 (mid winter), during which time the first author was able to familiarise himself with the habitat diversity and outlay of the reserve and conduct some preliminary sampling with students. During the sampling, 59 arachnid species were collected (Appendix 1). Collection according to the SANSA standardised sampling protocol (SSP) was carried out in October 2008 (mid spring), during a period of extended drought in northern KwaZulu-Natal. Consequently, the vegetation was in a generally poor condition in all the habitats sampled, which influenced the ability of the sampling team to follow the SANSA SSP exactly.
The SANSA SSP requires the fieldwork manager to identify all the habitat types in the degree-square grid being sampled and select four that are considered representative of the area under study. The senior author selected the following four habitats in the OGR, representative of the savanna in northern KwaZulu-Natal: and Albizia trees, with scattered Ziziphus mucronata, Sclerocarya birrea and Euclea spp., with a sandy substrate, sparsely scattered rocks and logs, and a virtual absence of grasses and herbs due to overgrazing and drought ( Figure 2b ) • riparian vegetation along the Ombesanoni River, which runs in a northerly direction before entering the White Umfolozi River; the bed of the stream was dry at the time of the study, which exposed rocks, the gravel substrate and semi-aquatic vegetation, including grasses and restios ( Figure 2c ); the banks of the river were lined by a variety of trees, predominantly Vachellia and Senegalia spp., but also included Ficus and short shrubs • a rocky mountainside, dominated by Senegalia and Vachellia trees and Euclea, Pavetta and Dichrostachys cinerea shrubs, and scattered Ziziphus mucronata trees and Aloe marlothii, with a sandy gravel substrate and a high density of rocks ( Figure 2d) ; the grass and herb layer was severely degraded and presumably overgrazed.
Sampling protocol
As required by the SANSA SSP, the following five methods were used in each of the selected habitats:
• Fifty pitfalls, 2 m apart, were set out in a straight line transect. Yellow buckets with a diameter of 10 cm were used as the traps, with 50 mL of preservative (propylene glycol) added to each trap. The traps were kept open for 4 successive days before the captured material was passed through a sieve to remove excess sand, and then preserved in 70% ethanol.
• Ten samples of leaf litter were taken from beneath randomly selected trees and shrubs and sifted over a white sheet. A round sieve (45 cm in diameter and 10 cm high) with a mesh spacing of 8 mm was filled with litter for sifting; thus, samples were standardised by litter volume. All arachnids that were detected in the sheet were sampled with a glass vial and preserved in 70% ethanol. • A total of 500 beats of tree and shrub foliage were taken at intervals of 50 beats in each habitat. Sampled material was preserved in large plastic bags before being sorted in a white tray at the field laboratory, followed by preservation in 70% ethanol.
• A total of 500 sweeps of grasses, herbs and low bushes were taken at intervals of 50 sweeps in each habitat. Sampled material was treated as described for tree and shrub foliage.
• Each team member carried out 2 hours' hand collecting in each habitat. Arachnids were collected from under rocks, logs and bark during daylight hours. (As the survey team consisted of only a single individual [senior author], only 2 hours of hand collecting was undertaken per habitat, as opposed to 8 hours that would have been undertaken with a survey team of four persons -also see night collecting described later.)
In addition to these methods, two other methods were used in the overgrazed savanna habitat:
• The fieldwork manager performed hand collecting during the night for 4 hours with the use of a headlamp. As each team member would usually collect for 2 hours, the sampling effort here represents that of 2 individuals. Specimens were collected from the soil surface, webs, bark and the foliage of plants. Night collecting was included in the protocol as the species that are nocturnally active often differ considerably from diurnal species, particularly with regard to web-building and foliagedwelling species. This method was used only in a single habitat owing to safety concerns whilst working in nature reserves (e.g. encountering potentially dangerous wild animals). from the lower branches of a tree. The traps were fitted with a fine mesh sieve that allowed arthropods to fall through for collection in a bottle containing 70% ethanol.
The SANSA SSP further states that if a particular method cannot be used (e.g. owing to lack of suitable vegetation), an additional sample set of a comparable sampling method needs to be taken. In this study, the grass and herb layer in two habitats (overgrazed savanna and rocky mountainside) was so severely degraded that sweep-netting was not possible; an additional set of beating samples was therefore taken in each of these habitats ( Table 1 ).
All of the sampled material was sorted to morphospecies in the laboratory and stored in vials filled with 70% ethanol. The first author performed preliminary identifications, which were confirmed or improved on by the second author. All the material has been deposited in the National Collection of Arachnida (NCA) at the ARC-Plant Protection Research Institute in Pretoria, South Africa.
Statistical analysis
For the purposes of statistical analysis, immature spiders were not tallied, although such morphospecies sampled were identified and recorded. However, if both adults and immatures of a species were collected together, they were included in the depositories of specimens in the NCA. In the calculations of estimated species richness and sample completeness, which rely on values of singletons and doubletons, immatures were scored a default value of 3 to avoid their contributing to these values. Estimated richness and completeness were calculated for two data sets, one including and the other excluding juveniles in addition to adults. Coverage was calculated based only on adult data, as abundance is a component of the calculation and juveniles were not all tallied.
Estimated species richness was calculated using the equation
2 , where F 1 equals the number of observed species (S obs ) represented by one individual (singletons) and F 2 equals the number of observed species represented by two individuals (doubletons) (Magurran 2004) . Chao1 is based on the available abundance data and is a function of the ratio between the singletons and doubletons in the data. With increasing samples, the curve reaches an asymptote when each species in the community is represented by at least two individuals. Following Sørensen et al. (2002) , Scharff et al. (2003) and Cardoso et al. (2008b) , sampling completeness was calculated as the ratio of the observed species richness and Chao1-estimated species richness. Chao and Jost (2012) proposed the use of coverage-based rarefaction and extrapolation in assessing community richness and sampling effort. They define sample coverage as the proportion of the total number of individuals in a community that belong to the species represented in the sample. Subtracting the sample coverage from unity gives the proportion of the community belonging to unsampled species, which they refer to as the 'coverage deficit'. The coverage deficit of the sample can also be explained as the probability that a new, previously unsampled species will be found if the sample were increased by one individual (Chao & Jost 2012) . The following equation was used to calculate coverage for habitats and sampling methods in separate analyses:
where n is the number of adult individuals in the sample, f 1 the number of singletons and f 2 the number of doubletons. Chao and Lee (1992) propose that an estimated coverage value should be at least 50%.
Results
Abundance and diversity
A total of 282 arachnid species were collected during the two visits to OGR. Spiders (Araneae) were the overwhelmingly dominant order, represented by 268 species from 47 families. Of these, 966 adult arachnids, representing 197 species, were collected in 2008 using the SANSA SSP, with a further 67 morphospecies represented only by subadults or juveniles. Five other arachnid orders were also sampled: Scorpiones (five species in two families), Pseudoscorpiones (four species in four families), Opiliones (three species in two families), and Amblypygi and Solifugae (one species each). Of the species collected during the preliminary survey in 2007, 18 were not collected using the SANSA SSP the following year (Appendix 1).
In assessing the composition of the spider fauna sampled in the reserve to date, Salticidae was the most species-rich family (51 spp.), followed by Thomisidae (36 spp.), Theridiidae (32 spp.), Gnaphosidae (21 spp.) and Araneidae (18 spp.). This pattern is consistent with surveys elsewhere in the Savanna biome where multiple habitat strata have been sampled (Foord et al. 2011b ).
Habitat differences
The rocky mountainside and the Ombesanoni River bed had similar overall species richness and adult species richness, which were markedly higher than in the other two habitats (Table 1) . However, when Chao1-estimated species richness was calculated, the rocky mountainside had a considerably higher estimate compared with the other habitats. The largest number of adult individuals was collected from the rocky mountainside (n = 321), whereas the lowest number was recorded in the montane grassland (n = 156). The proportion of adult morphospecies to total morphospecies (including immatures) was similar between habitats, varying between 55.6% and 62.5%. However, when the entire arachnid assemblage was compared across habitats, the proportion of adult morphospecies was nearly 75% (Table 1) .
Sample completeness for each habitat ( the four sites combined), and between 70% and 85.2% for assemblages including immature morphospecies (74.7% for combined sites). Coverage values for habitats all exceeded 80%, indicating that the sampling methodology adequately sampled the representative communities of each habitat. The coverage for the entire arachnid assemblage was nearly 95%, indicating that a large proportion of the regional diversity had been sampled. Indeed, when comparing the total number of morphospecies (including immatures) sampled using the SSP (264), this value is only slightly lower than the Chao1 estimate based on adult morphospecies only (286).
Assessment of the South African National Survey of Arachnida standardised sampling protocol
Active searching and pitfall traps yielded the greatest species richness of adult spiders, although beating yielded a greater number of morphospecies (including immatures) than either of the two aforementioned methods. Pitfall trapping yielded the greatest number of adult spiders per sample, followed by beating and active searching. Sweep-netting and Winkler traps were the least efficient sampling methods utilised with regard to species richness and adult abundance per sample (Table 2) .
Sample completeness varied considerably between methods. When adult spiders were considered, only active searching and litter sifting gave values above 50%. However, when immatures were also included in the analysis, pitfall trapping also exceeded this threshold value. The absence of sample Chao1 and sample completeness values for Winkler traps can be explained by the absence of any doubleton species in the sample, resulting in a zero value, which could not be computed. In contrast, coverage levels were above 50% for all of the methods except sweep-netting and Winkler traps ( Table 2 ), suggesting that an adequately representative sample had been collected using all but these two methods.
Ethical considerations
The SANSA SSP was designed and approved during a meeting of the SANSA Steering Committee, in collaboration with members of the arachnological community and the South African National Biodiversity Institute. Collecting permits for the sampling in the OGR were provided by Ezemvelo KZN Wildlife (permit 2496/2006). 
Discussion
The current study provides the first report on the efficacy of the SANSA SSP in determining arachnid biodiversity in a savanna reserve. The results indicate that a similar diversity of arachnid species was generated during a week's sampling (264 species) as over much longer and more intensive surveys of savanna biodiversity. For example, Whitmore et al. (2001 Whitmore et al. ( , 2002 collected 268 species in the Makalali Private Game Reserve in Limpopo, where five habitat types were sampled using four sampling methods (sweeping, beating, active searching and pitfalls) during four sampling periods. The number of adult species in this study (197) compares favourably with the 186 species collected in Blouberg Nature Reserve and the 222 species collected in the Western Soutpansberg Conservancy by Muelelwa et al. (2010) , who used six sampling methods in four habitats each over two sampling periods. With regard to habitat and total assemblage, sample completeness and coverage values were reasonably high, indicating that a large proportion of the species pool had been sampled.
However, species richness was considerably lower than in the Ndumo Game Reserve in northern KwaZulu-Natal (457 species), where ad hoc collecting was carried out during 11 sampling periods over the course of 7 years (Haddad et al. 2006) . The diversity found in that study provides some indication of the potential species richness of the OGR, as the localities are separated only by approximately 200 km. Based on the data generated using the SSP, the Chao1-estimated species richness for the OGR is 353 species, with data on immatures also considered, so it is plausible that the richer habitat diversity at Ndumo (including various forest types not occurring in the OGR) contributes greatly to its much higher arachnid diversity. As an example, nearly 90 species of Salticidae have been recorded from Ndumo Game Reserve to date (Wesołowska & Haddad 2009 , 2013 ; also subsequent sampling). Of the 51 species collected in the current study, approximately three quarters have also been recorded from Ndumo, whereas several others are unique to the OGR.
So far, this study has contributed material included in the descriptions of several new species of Salticidae (Wesołowska, Azarkina & Russell-Smith 2014; Wesołowska & Haddad 2009 , 2013 , Oonopidae (Platnick & Dupérré 2010) , Corinnidae (Haddad 2012 (Haddad , 2013a and Thomisidae (Honiball Lewis & Dippenaar-Schoeman 2014) , as well as other taxonomic papers (Haddad 2013b (Haddad , 2013c Haddad & Louw 2012; Jäger 2014 ) and molecular studies (Miller et al. 2010) . This highlights the importance of the SANSA surveys in contributing towards improving taxonomic knowledge of the South African arachnid fauna, which was one of the main initial aims of this atlas project (Dippenaar-Schoeman et al. 2013) .
Despite the rich diversity of arachnid species collected, it is clear that repeat surveys using the SANSA SSP during other seasons will likely yield a considerable number of additional species from the reserve, which is supported by the sample completeness values for the habitats sampled. To illustrate this, 18 of the 59 species collected during the site visit in mid winter (2007) were not collected again during the SANSA sampling in the spring of the following year (2008) . Therefore, considerable assumed seasonal differences in assemblage structure in savanna habitats need to be accounted for. Unfortunately, time constraints and the shortage of human resources for the SANSA project were the greatest hindrance to repetitive sampling of sites; this can be addressed by future sampling efforts.
Furthermore, the size of each SANSA survey team clearly impacts on the biodiversity data generated. In the current study, only a single professional arachnologist was involved in the execution of the SSP (except for pitfall trapping, where assistance was provided). Consequently, methods that are quantitatively prescribed according to man-hours (e.g. hand collecting and night collecting) as opposed to a set number of samples (e.g. beats and sweeping) will be affected by the number of collectors, which, in some cases, is reflected in the sample completeness and coverage values for some methods.
As most of the SANSA survey teams consist of three or four participants, it is plausible that methods based on man-hours will yield considerably more species than if only one collector was involved, as in this case. As a result, only 2 man-hours of hand collecting were conducted in each habitat in this study, as opposed to up to 8 man-hours at other localities sampled with larger teams.
It is recommended that future sampling using the SSP should take the team size into consideration and that smaller teams should spend more time per person on these methods to provide more comparable data sets. As such, methods based on man-hours should standardise efforts to equal that of four participating collectors (e.g. 8 hours for hand collecting). Although most of the sampling methods had high sample completeness (> 50%) and coverage values (> 80%), values for night collecting, sweep-netting and Winkler traps were notably low. Although some of these values could be attributed to lower sampling effort, vegetation quality (e.g. for sweep-netting) may also have played a role. We propose that the SSP should not be amended for these methods before further data sets become available for comparison and analysis.
Conclusion
Standardised sampling protocols designed for rapid biodiversity assessments can generate large amounts of biodiversity data for atlas projects, particularly when human resources and time are limited. The current study presented the first results of the use of the SANSA protocol in a savanna reserve. Use of this protocol yielded 264 species of arachnids from the four sampled habitats. The diversity is comparable with several longer-term surveys conducted in the Savanna biome, and the protocol shows considerable potential for generating comparable data on arachnids from this biome. 
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